The study determined the physical properties of finger millet (FM) (Eluesine coracana) grains and the functional properties of FM flour. Physical properties such as colour attributes, sample weight, bulk density, true density, porosity, surface area, sample volume, aspect ratio, sphericity, dimensional properties and moisture content of grain cultivars were determined.
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Preparation of finger millet flour
The sorted samples were then soaked in cold water for 24h at 30ºC. The soaked sample was dried at 60ºC for 24h using hot air oven to a moisture content of 10 -12%. The milky creamy, brown and black cultivars were milled into FM flour using Retsh ZM 200 miller at 18000 rpm for 3 min and sieved at 100 µm. The samples were then packed and sealed in a polythene bag for further analysis (Saleh et al., 2013) . All the reagents used in this study were purchased from Merck Midrand, South Africa.
Moisture content on wet basis
The moisture content (%) was determined with hot air oven drier using the method 44-15.02 
Where: W 1 = weight of empty crucible W 2 = weight of crucible + flour before drying W 3 = weight of crucible + flour after drying
Dimensional properties
A total of twenty seeds were randomly selected from each cultivar milky cream, brown, black, and the control. Three different dimensional properties (mm) were determined by measuring the length (L), width (W) and thickness (T) of the grains using a venier digital caliper at an accuracy of 0.01 mm (Mpotokwane et al., 2008) .
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Geometric mean diameter
The geometric mean diameter (mm) was determined based on the measured dimensions of finger millet samples using equation 2 (Mpotokwane et al., 2008) .
Geometric mean diameter (Dg) is equivalent to (L x W x T) 1/3 (2)
Where: L = length W = width T = thickness
Arithmetic mean diameter
The arithmetic mean diameter (mm) of the sample was obtained using the methods of Mpotokwane, Gaditlhatlhelwe, Sebaka, & Jideani (2008) . Arithmetic mean diameter was calculated from the dimensional values using equation 3:
Arithmetic mean diameter (Da) =
One thousand (1000) sample weight
Thousand sample weight was determined by weighing, recording the weight and counting manually the number of the sample. The grain samples were weighed using digital electronic balance with 0.01 g accuracy (Adam CPW plus-150p, USA) (Sangamithra et al., 2016) .
Bulk density
Bulk density (kg/ m 3 ) is described as the ratio of the mass of the sample to its total volume (Vanrnamkhasti al., 2008) . It was determined by filling a 500 mL cylinder with grains using 
True density
The true density (kg/ m 3 ) was determined by the liquid displacement method using a top loading balance. A total of 100 g of grains were immersed in graduated beaker containing distilled water. The amount of water displacement was recorded using equation 5 (Karababa, & Coᶊkune, 2013) .
Where: Pt = true density, V 1 =initial volume and V 2 = final volume
Porosity
Porosity (%) is defined as the fraction of the space in bulk grain that is not occupied by the grain (Sangamithra et al., 2016) . It was calculated using equation 6 from the true density and bulk density using method of Vanrnamkhasti et al. (2008) .
Where ε = porosity, p t = true density and p b = bulk density
Sphericity
Sphericity (%) is explained as the ratio of the surface area of a sphere having the same volume as the grain to the surface area of the grain and was calculated using the method of Hamdani et al. (2014) equation 7.
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Where Ф = Sphericity
Aspect ratio
The aspect ratio (%) was calculated equation 8, method of Vanrnamkhasti et al. (2008) as follows:
Surface area
The surface area, mm 2 of three FM cultivars and PM were calculated using equation 9, method of (Karababa, & Coᶊkune 2013) :
Where B = (WT) 1/2
Sample volume
The volume (mm 3 ) of the grains was calculated equation 10, method of (Karababa, & Coᶊkune 2013) .
where B = (WT) 1/2 W = width; L = length
Water absorption capacity
One (1) gram FM flour was transferred into weighing 50 mL centrifuge tubes in triplicate to which 10 mL of distilled water was added, stirred homogeneously with a glass rod and
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Page 9 of 34 incubated in waterbath at 30ºC for 30 min. The centrifuge tubes were centrifuged at 3 000 rpm for 15 min using a Model T-8BL Laby TM centrifuge (Laboratory Instruments, Ambala Cantt India). The supernatants were discarded and the residues were weighed. Two different weights of the centrifuge tubes gave water absorbance using equation 11, method of Sawant, Thakor, Swami, & Divate (2013) .
Water absorption capacity = 
Determination of dispersibility
A total of 10 g of the flour sample was weighed into 100 mL measuring cylinder and distilled water was added. The set up was stirred vigorously and allowed to stand for 3 h. The volume of settled particle was recorded and subtracted from 100 (Olapade, Babalola, & Aworh, 2014) using equation 13.
% Dispersibility = 100 -volume of settled particles (13)
Viscosity
Approximately 10 g of the flour was mixed with 90 mL of distilled water at 30ºC and allowed to hydrate for 30 min with occasional stirring. The viscosity of the slurry was measured in
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Brookfield viscometer (Model RV, Brookfield Engineering, Inc., USA) using spindle number Q3 rotating at 100 rpm and the cold paste viscosity was measured in centipoise (cP).
Subsequently, the slurry was heated to boiling in a water bath at 95 ± 1ºC for a period of 20 min, cooled to 30ºC and cooked (Krishnan, Dharmaraj, Sai, & Malleshi, 2011) .
Color measurements of FM grain cultivar and flour
The color measurements (L*, a*, b*, C* and H o ) of the grain and flour samples were determined using Lovibond LC 100 spectrocolorimeter and SV 100 test kit (Thilagavathi, Kanchana, Banumathi, Hemalatha, Vanniarajani, Sundar, & Ilamaran, 2015) . The color attributes were measured and expressed as positive and negative colour space values using L* (whiteness/ brightness), a* (redness/ greenness) and b* (yellowness/ blueness). The chroma (C*) was expressed as either grey or the pure hue with hue (H o ) recorded using different colours such as yellow, green and blue values.
Scanning Electron Microscopy (SEM)
Microscopic structure of FM flour was mounted on a sample holder using double-sided scotch tape and was coated with thin layer of gold in a sputter coating equipment. All examinations were observed at an accelerated voltage of 5.000 kV using a scanning electron microscope coupled with electron probe microanalysis Energy Dispersive X-ray detector (Mervlin/ Evo Germany) (Anyasi, Jideani & Mchau, 2017) .
Data analysis
The generated data were subjected to analysis of variance (ANOVA) using SPSS version 23
(SPSS, IBM, Chicago USA) and means were separated using the Duncan multiple range test.
Significance will be accepted at 95% confidence interval (p < 0.05) (Kibar, & Kibar, 2017) .
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Results and discussion

Moisture content of finger millet grains and flour
Fig . 2 shows the results of the mean moisture content (MC) of the FM grain cultivar that ranged from 7.88 ± 1.92 to 9.38 ± 3.08% while the moisture content of FM flours varied from 9.17 ± 1.44 to 11.67 ± 1.44%, respectively. Therefore, milky cream showed a significant difference (p < 0.05) for both grains and flours as compared to brown and black grain/ flours.
However, the MC of milky cream and black flours increased while brown flour decreased after milling grains into flours. These results compared with the control, PM showed a significantly higher than FM grain cultivars (FMGC) at the highest value of 15.38%. The study results showed that the MC were within the specified percentage of <12% as shown in the work of Saleh et al. (2013) . The highest percentage was recorded for milky cream, and the lowest percentage for brown cultivar for both FM grain cultivar and flours (Fig 2) .
Moisture content is one of the important factors that govern the physical properties of grain (Goswami, Manikantan, Gupta, & Vishwakarma, 2015) . It is also a good indicator as to whether the grains can be stored for a long or short period. According to Abdullah, Ch'ng, & Yunus (2012) the higher the moisture content, the shorter the storage life of the grain as high moisture content can cause a rapid growth of mould on grains.
Dimensional properties of finger millet cultivars
The mean results of the length, width and thickness of the three cultivars were measured using venier digital caliper and ranged between 1.67 ± 0.01 to 1.41 ± 0.00 mm for length;
1.47 ± 0.01 to 1.28 ± 0.01 mm for width and 1.35 ± 0.06 mm to 1.22 ± 0.01 mm for thickness (Table 1) . Similar results were obtained by Hamdani et al. (2014) for length, width and thickness and ranged from 8.57 ± 1.20 to 11.31 ± 1.10 mm; 2.70 ± 0.24 to 3.70 ± 0.18 mm; Jain & Bal (1997) who studied the geometric and arithmetic mean diameters of PM cultivars, the results were as follows: 1.82 mm to 2.12 mm and 1.72 mm to 2.08 mm at the moisture content of 7.4%. Other similar arithmetic mean diameter results from hulled and hulless barley were 4.96 ± 0.50 and 5.34 ± 0.31 mm, while for sabzaar oats and SKO-20 oats they were 6.00 ± 0.26 and 5.41 ± 0.44 mm, respectively. Similar results for geometric mean diameter were also found as 4.33 ± 0.27; 4.53 ± 0.24 mm; 4.22 ± 0.21 mm and 4.01 ± 0.20 mm for hulled barley, hulless barley, sabzaar oats and SKO-20 respectively at the moisture content of 8.0% (Hamdani et al., 2014) . The geometric and arithmetic mean diameters were significantly higher in brown, milky cream and black cultivar respectively (Table 1) .
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Therefore, PM grain showed a significant difference on all dimensions studied as compared to FMGC.
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Physical and functional properties of finger millet grain cultivars/ flours
The highest mean result for 1000 sample weight was obtained from milky cream cultivar, 775 ± 5.27 g and the lowest mean result for 1000 sample weight was 496.8 ± 5.00 g from brown cultivar. Milky cream was significantly different (p < 0.05) on 1000 sample weight as compared to other samples ( A study by Zewdu & Solomon (1997) ranged from 38.31 to 42.32% for teff millet at a moisture content of 5.6 to 29.0% and in a study by Jain & Bal (1997) , porosity ranged from 45.1 to 48.8% for PM cultivars (babapuri, bajra and GHB 30) at a moisture content of 7.4%.
Balasubramanian & Viswanathan (2010) obtained similar results of 32.5 to 63.7% at a moisture content of 11.1 to 25% for minor millets in which FM grain was part of the study. 
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The results for bulk density of grain cultivars were similar to those reported by Jain & Bal (1997) (Table 2) . Bulk density is an essential factor that determines the grade and test weight of the grains during drying, storage and processing (Adebowale et al., 2012 b ). Bulk density results will help in storage and processing because the size and shape of the grains were similar thus indicating high quality and better production of grains into flours. Table 3 ranging from 68 to 70.67% in cassava-bambara flours. According to Olapade et al. (2014) , the values of dispersibility may help produce fine constituent dough during mixing.
The cold viscosity paste of the flour samples ranged from 5.00 ± 0.00 to 6.00 ± 0.00 cP while cooked viscosity ranged from 57.67 ± 1.15 to 306.7 ± 3.51 cP, respectively.
Brown flour for cold and cooked paste were significantly higher (p < 0.05) as compared to milky cream and black FM flours. These results are similar to those of Dharmaraj et al. (2015) who studied the cold and cooked viscosity pastes of native, hydrothermal and decorticated FM. Dharmaraj et al. (2015) indicated that cold viscosity paste not measured on (Usman, Bolade, & James, 2016) . (Fig 3) .
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Colour measurements
Similar results were also obtained by Krishnan et al. (2011) deviate from the colour therefore adding a positive factor to the current study. This is because lightness and yellowness in the colour of flour are important factors in terms of consumer acceptance (Bhol & John Don Bosco, 2014) . Bhol & John Don Bosco (2014) reported Hº value of 67.24 and the chroma value was 14.48 for 20 g wheat/ 100 g malted FM. The findings of this study were similar to those by Siroha, Sandahu, & Kaur (2016) who studied five PM varieties whose values ranged from 52.5 to 75.1.
Scanning electron micrographs of FM flour
Fig 4 shows the microscopic structure of FM starch granules which was at accelerating voltage of 5.000 kV. Milky cream, brown and black flours showed that the loosened starch granules had various shapes which were mainly isolated, oval/ spherical or polygon and the smooth surface may be caused by soaking, drying and milling grain into FM whole meal flour. The control also showed the same features compared to FM flour. Saleh et al. (2013) reported that the soaking technique improves the bioavailability of nutrients such as minerals. Milling process shows a negative impact on nutritional contents because protein, fat, ash and fibre contents were reduced but increased the digestibility/bioaccessibility of grains (Saleh et al., 2013) . Sakhare, Inamdar, Soumya, Indrani, & Venkateswara (2014) studied the micro-structure of wheat flour and reported that milling may cause starch granules to be viewed as damaged. Gorinstein et al. (2004) reported that milling of cereal grains also causes the microstructure changes in proteins and influences the fine microstructure to occur. Drying is a process that preserves grains and various essential characteristics of grains undergo changes during drying due to the loss of water from the inner structure and the surrounding surface. It was observed that physical characteristics of food may be altered during drying which are caused by changes in food microstructure (Sun, Gong, Li, & Xiong, 2014) . Anyasi et al. (2017) The mean ± standard deviation, n = 20. Values followed by the same letters in the same row are not significantly different (p < 0.05). Table 2 Some physical properties of finger millet grain cultivars
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Functional properties
Finger millet grain flours Pearl millet Milky cream
Brown Black The mean ± standard deviation, n = 3. Values followed by the same letters in the same row are not significantly different (p > 0.05). WAC -water absorption capacity.
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